Data are considered about the structure and complexation of many compounds of tin and mercury, obtained by the present authors and other investigators by means of n. The application of n.m.r. spectroscopy to the study of organic and inorganic derivatives of metals, the isotopes of which have necessary magnetic properties, was shown tobe very produclive from the viewpoint of information about the behaviour of these compounds in solution. This information is very important for solving the many problems of inorganic and organametallic chemistry. One such problern is the question about the effect of solvents upon the rates and mechanisms ofinorganic and organametallic compounds A review about the p.m.r. spcctra of different compounds of metals was published recently 2 . In the present work we are illustrating the possibilities of applying n.m.r. spectroscopy of heavy nuclei to the study of the structure and complexation of organic and inorganic derivatives of metals, using the data about the chemical shifts of 119 Sn and 199 Hg nuclei and their spinspin coupling constants with 1 H,
e>e 99 Hg) are also available.
The application of n.m.r. spectroscopy to the study of organic and inorganic derivatives of metals, the isotopes of which have necessary magnetic properties, was shown tobe very produclive from the viewpoint of information about the behaviour of these compounds in solution. This information is very important for solving the many problems of inorganic and organametallic chemistry. One such problern is the question about the effect of solvents upon the rates and mechanisms ofinorganic and organametallic compounds 1 . A review about the p.m.r. spcctra of different compounds of metals was published recently 2 . In the present work we are illustrating the possibilities of applying n.m.r. spectroscopy of heavy nuclei to the study of the structure and complexation of organic and inorganic derivatives of metals, using the data about the chemical shifts of 119 Sn and 199 Hg nuclei and their spinspin coupling constants with 1 H, 1 
C and
19 F for different compounds of tin and mercury.
TIN COMPOUNDS
In 1961 Burke and Lauterbur 3 studied 119 Sn n.m.r. spectra of eighteen organic and inorganic derivatives of tin and showed that b( 1 19 Sn) varied by 1850 ppm depending upon the structure of the molecules. lt was assumed that such a I arge range of b( 1 19 Sn) values cannot be rationalized by changes in the diamagnetic term of the 1 19 Sn screening constant, but that it merely reflects 
-------·- lt is evident from thc data of Table 3 that Je
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19 Sn-C-1 H) increascs with an increase ofthe electron-withdrawing power ofthe group X. The up-to-datc explanation of this fact is that thcre is a corresponding increase in the s character of the sp 3 -hybrid orbitals of tin in the tin-carbon bonds 23 - 25 . This conclusion was first made by Holmes and Kaesz
26
, who supposed that the main contribution to the observed coupling constants is made by the Fermi contact term and that these coupling constants do not dep~nd upon the s electron density on coupled protons and the geminal angle .Sn-C-H. Nevertheless, Verdonck and Van der Kelen 27 -30 have shown the importance of such contributions as the spin-orbital term and the s electron density on coupled protons. On the other hand, it was shown recently that diastereotopic methyl groups 31 and anisochronic methylene protons 32 , bonded with tin atoms in several types of the molecules, have different spin-spin coupling constants with 1 19 Sn nuclei. These facts were considered to be direct evidence for the angle dependence of Je
Thus, in the course of the study of Je 19 Sn--C-1 H) values it is necessary to consider thcir dependence, not on the s-character of sp"-hybrid orbitals of tin in Sn-C bonds, but on the relative content of s electrons in the whole fragment Sn-C -H, in which coupling occurs, and on the geminal angle between the Sn-C and C H bonds. As regards the spin-orbital term, it is not so important for lt is dangeraus to draw any conclusions from these constants about their correlation with the structure of thc molecules, especially since their changes do not correlate with the changes of J( 1 1 "Sn-C-1 H) for these compounds. 40 using Benfs isovalent hybridization model 41 , according to which the redistribution of electrons in molecules occurs in such a way that s electrons of sp"-hybrid orbitals of the central atom concentrate in the bonds with the most electropositive substituents; and p electrons concentrate in the bonds with the most electro-negative substituents.
The conclusions about the linear dependence of J( 1 14 Sn-C 1 H) on the s character ofsp"-hybrid orbitals oftin in Sn--C bonds, drawn by Holmesand Kaesz 2 6 , in spite of the serious objections discussed abovc, ha ve become very popular among scientists who have studied the complexation of organotin compounds 20 · 25 · 42 .
50 . We want to illustrate the applications of 119 Sn n.m.r. spectroscopy with the example of the Me 3 SnX-D complexes, where X = Cl, Br, CF 3 and D = monodentate organic solvents, such as acetone, pyridine, dimethylformamide (DMFA), dimethylsulphoxide (DMSO) and hexamethylphosphortriamide (HMPTA). Complexes of this type were isolated as molecular crystals 21 · 51 and according to the data ofx-ray spectroscopy 52 · 53 they are likely to have a trigonal bipyramid structure. The electron distribution in these complexes depends upon the electron-donating ability of D and the electron-withdrawing power of X 5 where PA and PAnare the molar fractions ofa free acceptor and complex, and JA and J AD are the J( 119 Sn-C--1 H) constants for the same molecules. The study of the concentration and temperaturc dependences of J(
119 Sn-C-1 H), carried out 5 5 for several systems, enabled the J AD and Keq values to be obtained for thcse systems ( Jabie ö). tK," values were obtained at -30 C:, except for the DMSO complexes when they were measured at -10 C.
The results of ( Tahle 7) . Sn--C-1 l}F) study ( Tahle 7). In completing the discussion about the structure and complexation of organotin compounds it is essential to emphasize that the changes of the relative content of s and p electrons in bonds of tin to carbon and other substituents occur simultaneously with the changes in the Sn--C-H and SnC-F angles. Consequently, the changes in spectral parameters on going from one molecule to another reflect the changes both in electron and spatial parameters of the molecules, i.e. these parameters cannot be considered separately.
MERCURY COMPOUNDS
The study of 19 l}Hg chemical shifts of organic and inorganic compounds has not been very intensive 56 - 61 . The latest data available are given in Table 8 .
The limited data and the strong dependence of b( 199 Hg) on the solvent 6 1 make the correlation of these data with the electron structure of the compounds difficult. Nevertheless, it is evident 5 H.
60 that the electronegative groups make a significant paramagnetic contribution to the observed screening constants. We will further concentrate our attention on the Je 99 Hg-C-1 H), Je 99 Hg-C-19F) and J( 199 Hg-1 3 C) spin-spin coupling constants, and on their correlations with the structure of organomercury compounds and their complexes. First of all, Iet us consider the question about the influence of R and X in RHgX on the J( 199 Hg~C~ 1 H) constants. Some typical data are given in Table 9 . The data of Table 9 show an increase of J( 1 H) on the nature ofX in methyl and ethylderivatives of mercury and derived the conclusion that the main contribution in the observed constants is made by the Fermi contact coupling. The contribution of spinorbital coupling was estimated as negligible, while the dipole~ipole term was shown to be important in some cases. Recently 72 an extended Hückel procedure for calculating J( 199 Hg-C-1 H) constants for a variety of methylmercury systems was outlined. This author 72 concluded that the orbital contraction of the 6s orbital of mercury with increasing electronegativity of the substituent X is an important contributing factor to the large range spanned by these coupling constants.
In connection with these conclusions 71 · It is evident from the data of Table 10 lt is evident from the data of Table 11 that J( 1 99 Hg-1 3 C) increases with the growth of the electron-withdrawing power of the group R. An exception in this series is dibenzylmercury: in the opinion of these authors 82 this can be rationalized by cr-n conjugation in the C 6 H 5 -CH 2 -Hg fragment, which was postulated earlier in our laboratory 83 . 1t is interesting that Je 99 Hg-13 C) also increases with increasing electron-withdrawing power ofX in compounds of the type (CH 3 hCCH 2 HgX 62 ; the data in Tahle 12 show this. It follows that J( 199 Hg-13 C) spin-spin coupling constants are affected in compliance with the redistribution of electrons according to Bent, and depend mainly on the relative content of s electrons in the Hg-C bonds.
lt is interesting that changes in Je 99 Hg-13 C) for compounds of the type (CH 3 hCCH 2 HgX are proportional to changes in Je 99 Hg-C-1 H) for the same compounds. In this case only chlorine gives a deviation from the linear dependence of these constants, and this can be rationalized by the (d-p) 62 believe that these data provide evidence for the increase of thes character of the sp 3 -hybrid orbitals of methylene carbon in C-C and C-H bonds, for its decrease in C-Hg bonds and for the decrease of the geminal angle H-C-Hg with the growth of the electron-withdrawing power of X.
Thus, Je 99 Hg-C-1 H), Je 99 Hg-C-19 F) and Je 99 Hg-13 C) spin-spin coupling constants are extremely sensitive spectral parameters and they give very important information about the electron and spatial structure of organomercury compounds.
The application of n.m.r. spectroscopy of 199 Hg to the study of complexation of organomercury molecules in solutions has been successful. First of all, it should be noted that Je 99 Hg--C-1 H), Je 99 Hg-C-19 F) and Je 99 Hg-13C) constants are extremely dependent upon the nature of the solvent in which the given organomercury compound is studied ( Tabfes 13-16 ). The analysis of the data of Tables 13 and 14 shows that the J( 199 Hg-C-1 H)
and Je 99 Hg-13 C) constants increase with the growth of the electrondonating abilities of the solvents. In this case it is very important for the interpretation of these data that the J( 199 Hg-C-C-1 H) and J( 199 Hg-C-13 C) constants in Et 2 Hg aresolvent independent and equal to 127.5 85 and 25 82 Hz, respectively. We believe that it is this circumstance that gives rise to changes in spin-spin coupling constants on complexation and determines the solvation mechanism of organomercury compounds. Taking into account that the main contribution in all the observed heteronuclear spin-spin coupling constants is made by the contact Fermi coupling, specified by the s electron density on the coupled nucleF \ it can be suggested that s electron density in a mercury atom does not change on the solvation of organomercury compounds 85 . If this is not the case. the ß constants of mercury will be affected as weil as the corresponding r.x constants. Therefore, no matter what complex is formed, R 2 Hg-D or R 2 Hg-2D, solvation occurs on account of the interaction of the p electrons of the heteroatom in D and the low-energy vacant orbitals of mercury. As a result of this interaction an additional electron density is transferred to the organomercury molecule and in the complex formed the redistribution of electrons occurs according to Bent, so that the relative content of the s electron increases in the Hg-C bonds and the relative content of p electrons increases in the Hg-0 bonds. As for ß-carbon nuclei and more so for ß-hydrogen nucle~ the redistribution seems to be unpropagated to them because of the deterioration of the inductive effect. 1t is possible that thc alternative mechanisms of solvation and changes in spin-spin coupling constants of mercury with the carbon and hydrogen nuclei occur; the effect of solvents on the Je 99 Hg-C-19 F) is hi~hly contradictary. Thus, with thc growth of the electron-donating ability of the solvent these constants increase for CF 3 HgX compounds ( Table 16 ), but decrease for R 2 Hg compounds ( Table 15 ). 99 Hg-Corbitals of the mercury atom. Perhaps this question will be clarified after the study of the solvent effect on J( 199 Hg-C-19 F) and J( 199 Hg-C-1 H) in C 6 H 5 CH 2 HgCF 3 88 · 89 , which is underway in our laboratory.
Thus, we conclude that n.m.r. spectroscopy ofheavy nuclei is an extremely powerful method of investigation of the structure and complexation of different derivatives of metals. The solving of some important problems in this field, such as the detailed understanding of the contributions in heavy nuclei screening constants, the elucidation of spin-spin coupling constants of these nuclei with other nuclei, and the determination of the signs of Je 19 Sn-C-19F) and Jct 99 Hg-C-19 F) constants will allow this method tobe used even more productively for obtaining information about the structure and complexation of many inorganic and organametallic compounds.
